12 United States Patent

US007773663B2

(10) Patent No.: US 7,773,663 B2

Watanabe 45) Date of Patent: Aug. 10, 2010
(54) COMMUNICATION APPARATUS, 2004/0151109 Al1* 82004 Batraetal. ................. 370/208
COMMUNICATION METHOD, AND 2004/0170157 A1* 9/2004 Kimetal. .......o..on.n.e. 370/349
PROGRAM 2004/0170217 A1* 92004 HO .ovvrvveveniiiiienninnns 375/134
2004/0240597 Al1* 12/2004 Cattaneo et al. ............. 375/354
75 : . 2004/0264425 Al1* 12/2004 Nishikawa .................. 370/338
(75) Inventor: Katsumi Watanabe, Tokyo (JP) 2005/0013387 AL*  1/2005 Ofard .ooovvvovevrvoen 375/316
(73) Assignee: Sony Corporation, Tokyo (JP) 2005/0018750 Al1* 1/2005 Foersteretal. .............. 375/130
Continued
(*) Notice: Subject to any disclaimer, the term of this ( )
patent is extended or adjusted under 35 FOREIGN PATENT DOCUMENTS
U.S.C. 154(b) by 1024 days. » 00082074 000
(21) Appl. No.: 11/132,278 (Continued)
(22) Filed: May 19, 2005 OTHER PUBLICATIONS

(65) Prior Publication Data
US 2005/0265434 Al Dec. 1, 2005
(30) Foreign Application Priority Data

May 28,2004  (JP)

(51) Int.CL

............................. 2004-158468

HO04B 1/00 (2006.01)
(52) US.CL ..., 375/150; 375/130; 375/147;
375/140; 455/63.1
(58) Field of Classification Search ................. 3°75/140,

375/130, 147, 149, 150, 152

See application file for complete search history.
(56) References Cited
U.S. PATENT DOCUMENTS

Reed Fisher, et al.,, “[Merger#2 Proposal DS-CDMA]”, Project:
IEEE P802.15 Working Group for Wireless Personal Area Networks
(WPANSs), doc.: IEEE 802.15-03/334r5, Communications Research
Laboratory (CRL) & CRL-UWB Consortium, Nov. 2003, slides 1, 7,
24-35,37,38,42 and 71.

Primary Examiner—Shuwang Liu

Assistant Examiner—Kenneth Lam
(74) Attorney, Agent, or Firm—QOblon, Spivak, McClelland,

Maier & Neustadt, L..L.P.

(57) ABSTRACT

A communication apparatus including: a despreading section
despreading a reception signal with a spreading code defined
in one communication system; a decoding section decoding
the reception signal despread by the despreading section; and
a first occupation detection section correlatively detecting an
occupation state of a communication band with a preamble

6,580,748 B1* 6/2003 Muraoka .........covn....... 375/141 code defined 1n the communication system; and a second
6,771,986 B1* 8/2004 Oh ..oovvvvveeeenaenanenn. 455/562.1 occupation detection section correlatively detecting an occu-
7,030,227 BL* 472006 McKeon etal. .......... 530/387.9 pation state of a communication band of a signal of another
7,031,371 B : 4/2006 La.kk_ls ....................... 375/146 Communication Systemj the Signal being expectecto arrive as
20037/6318367’323 i ) gi 5882 IS{uSted tl """""""" g;?)i g jé an interference wave, with a preamble code defined in the
1 ueﬂﬁgﬁ ClLadl., ..ovvivinenns . .
2004/0001554 ALl*  1/2004 Sun et al. woeeoveoeveoeonnn, 375/260  2nother communication system.
2004/0008617 Al1* 1/2004 Dabaketal. ovuee.......... 370/208
2004/0053621 Al1* 3/2004 Sugaya .......cceeeevinennnns 455/450 15 Claims, 15 Drawing Sheets
33551
e TN s
' |~{CONVERTER}—~ DETECT 3382
33%33'0‘6 ___________ 33A7 | |
ich | :
1 > o PREAD :
QCh i ; 1_' 1 (DZ%SCUIT DECODER 1
[LOCAL SYSTEM FRAME PROPAGATION _ ':
| CORRELATION SYNCHRONOUS]|PATH ESTIMATION |
| BETECTION CIRCUIT | [CIRCUIT CIRCUIT ARAB :
PHASE ] MAC/DLC| HOST iF
CONTROL | 33A2 ¢ 33A3 33A4 10 oa CULATE E
_SIGNA [ ~onTROL SECTION PHASE CONTROL | ,
E 33A1 | ;
o i 33A9 :
C : '.
> | SPREAD SYMBOL | =
Qch | CIRCUIT l: MAPPER ENCODER {



US 7,773,663 B2

Page 2
U.S. PATENT DOCUMENTS 2005/0266808 Al* 12/2005 Reunamaki etal. ......... 455/101
2005/0105505 Al* 5/2005 Fishler et al. ..oooovvnn... 370/349 FOREIGN PATENT DOCUMENTS
2005/0147112 Al*  7/2005 SUZAYA cvevveeererennn.. 370/418 JP 2001-237847 8/2001
2005/0152327 Al*  7/2005 Erlichetal. ............. 370/343 P 2001-313623 11/2001
2005/0163094 Al* 7/2005 Okadaetal. eweeeveron.. 370/343 P 2003-18119 1/2003
2005/0180489 Al* 82005 Tamaki «eeeeeeeeeeeoeoen. 375/130 * cited by examiner




US 7,773,663 B2

Sheet 1 of 15

Aug. 10, 2010

U.S. Patent

ZHIN
£ zeool

<HIN
p0G6

ZHN 2HIN
0/68 8¥v8

<HWN
0c6l

ZHIN

cotl

ZHN ZHWN ZHW
¥989 9€E9 808S

ZHIN ZHN Z2HWN  ZHIN
9106 88vyr 096€ CEVE

d dNoY9

O dNOYD

| Ol

Vi CH
ONvd ONVd ANvE dNVH

8 dNOYO VY dNOUO



US 7,773,663 B2

Sheet 2 of 15

Aug. 10, 2010

U.S. Patent

JNIL

AVOIAVd N

H30vIH NN

NOILVYWILS3
TANNVHD []

NOILVZINOYHONAS[ ]

N
AN

N N S § B [ @@
N
W\

(M3AV3H + 319WYIYd) 99S 1 GZ9S L |

S43I4ILN3AI AN3 NOILVZINOYHINAS

)

]
]

N N [ E] g eeeee [ [

N § &0 &8 [ L1 O
(JII\

(STOGNAS ¥2)

NOILVZINOHHONAS

L# ANV
¢# ANVE

t# ONVE

9% UNVH
L# UNVH

8# (UNVY
6# (NVH



U.S. Patent Aug. 10, 2010 Sheet 3 of 15 US 7,773,663 B2

FIG. 3
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FIG. 13

FREQUENCY HOPPING

BAND

MB-OFDM SYSTEM 41

\ COMMUNICATION

J

BANDS OVERLAPPING

!
!
|
!

DS-SS SYSTEM

LOWER BAND



US 7,773,663 B2

Sheet 12 of 15

Aug. 10, 2010

U.S. Patent

JNIL

AVOIAVYd N

¥IAYIH

NOILVINILS S
TINNVHO [-]

NOILVZINOYHONAS [ ]

NN
o090 ® z

AN

N

NN

N
N

(¥3aV3aH + 319NVI¥Hd) 29s17GZ9G L1

~————]

N (] _H_ [£d]

%

vl Old

£l
=0

44193130
A13AILY 138400 38 Ol

# ANVH
c# ANVE

£# ONVd

9# AONvd
L# AUNVY

8# UNVY
6# AONVY



US 7,773,663 B2

Sheet 13 of 15

Aug. 10, 2010

U.S. Patent

1/l 1SOH

:l*illllIlll"llllllllllllllllllllIII"'II'I_"'I'II.Illlllll_llllll'I'I'III'I"IIIII'llllllll

0LVESE LLVEE |
¥3ddVW | LiNDAID >
43000N3 T0SWAS QY34dS ,_,_MV_
104INOJ 3SVHd . YNOIS
311NV Ol ' TO4INOD
210/9VN .. 39VHd
8vet 1INJYID LINJYIY| | LINDYHIQ NOILO3L3a:
NOILYWILST HLVd [|SNONOYHONAS NOILY13HH0J |
LINOYID ZO_._.<O<n_Om_n_ W3LSAS OO0 :
ONINIGINOD Y “
4300933 Ollv Jb T TiwD
NNNIXYIN 0
............. Lvee . Ovee  svee |
vee — Y e .“

_ 1INOYID LINJHID "
cHet - _NOILO313Q [ |d3L¥IANOI LAHS [ [
qee -+ | NOILY1I¥H0D 3LVHI AONINDIYS [«

LEEE  ¢gee
Gl 9l



US 7,773,663 B2

Sheet 14 of 15

Aug. 10, 2010

U.S. Patent

4/l L1SOH

NOI1O3S
NOILYYINIO

430V3H

-_p i uay e s e G Gy SN R N N N S G G T A Wl ann AN S A e Wy T o Daw aam ek e e DD B G EEE aEE D apm gl e G aan e ol EEE EEn EE .

............ vee  Qvee Gkt |
vee " TiNoun
| NOILD3L30
NOLLYIS440D
¢

1INOHID
NOILVINAON

S A eae oy EEs e BN Ay Sas EEe St AEE IR EEE Ey e EEr T EEE EEr ST T S s aam guir A T e s anh AN e o aEe et EEE IS S P gl S S o el

d400ON4
=%

J 14/0VIN
4340040

6VEE

8VEe

TOY1INOD 3SVHd

LINJdID
NOILYYINIO

319NV 3dd

31VINO1VO Ol PEE

ONINIEINOS
OlLLYY [<] _ LINONIO
NNWIXYIN ] av3ddsaa

OLVEE

d3ddvIN
“17| TOGINAS

—_:—— ot A A wm we e ol G e Ee e W L e W T AR e e e ae am

L LVEE
1INDHIO 0
Av34dS LS
U9l
VNOIS
Od1NOD
3SVHd

e o o wis O T s S

NOLLV 134400

W31SAS 1vVOO1

=
O
O

Yol

1 9EC

91 9Ol



US 7,773,663 B2

Sheet 15 of 15

Aug. 10, 2010

U.S. Patent

JNILL

AvOT1AVd NN

HIAYIH

NOILVWILS3
T3INNVHO [

NOILVZINOYHONAS [}

N
90089 a

N

(43QV3H + 319WVIHd) 29s77GZ9G L |

D ———

d3d0034d 38 01

Ll Ol

i -

43103130
ATIAILV13HH0D J8 Ol

# ANVY
¢# UNVY

£# UNVY

9# UNVd
L# UNVY

8# AUNVH
6# (UNVd



US 7,773,663 B2

1

COMMUNICATION APPARATUS,
COMMUNICATION METHOD, AND
PROGRAM

CROSS REFERENCE TO RELATED
APPLICATIONS

The present mvention contains subject matter related to
Japanese Patent Application JP2004-158468, filed in the

Japanese Patent Office on May 28, 2004, the entire contents of
which being incorporated herein by reference.

BACKGROUND OF THE

INVENTION

1. Field of the Invention

The present imnvention relates to a communication appara-
tus that uses a spread coding system for a communication
system, a communication method of the communication
apparatus, and a program that 1s; executed by a computer
mounted on a communication apparatus.

2. Description of Related Art

As a radio communication system, the ultra wide band
(UWB) communication system 1s known. The ultra wide
band communication system has attracted attention as a tech-
nique that can transmit very short pulses having a period of 1
nanosecond or less, namely at a very high speed o1 100 Mbps
or more. Since transmission pulses of the ultra wide band
communication system are very short, 1t 1s known that one
pulse has a very large bandwidth of around several GHz on
the frequency axis. Thus, the FCC (Federal Communications
Commission) of the United States prescribes a spectrum
mask for an ultra wide band communication. This provision
limaits the band for ultra wide band communication system to
a range from 3.1 GHz to 10.6 GHz. The provision also states
output levels that are limited to room environments. At
present, the standardization commuttee for IEEE 802.15.3a 1s
studying two ultra wide band communication systems. These
systems are multi-band orthogonal frequency division multi-
plex (MB-OFDM) and direct sequence spread spectrum (DS-
SS). Each of these systems uses a plurality of sub bands into
which a band designated by the FCC 1s divided. Technical
information of the related art of the present patent application

1s as follows:
[Non-patent document 1] AnuBatara, “15-03-0268-04-

003a-Multiband-OFDM-CEFP-Document-v0.doc,” [online],
Internet <URL: http://www.multibandoidm.org/ieee_pro-
posal_spec.html, March 2004>

[Non-patent document 2] Reed Fisher, Ryuj1 Kohno, et. al.,
“15-04-0137-01-003a-merger2-proposal-ds-uwb-updat-
¢.doc”, [online], March 2004, Internet <URL: ftp://1eee:
wireless(@1tp.802wirelessworld.com/15/04/15-04-0137-01 -

003a-merger2-proposal-ds-uwb-update.doc>

Atpresent, there are possibilities of which both the systems
will be standardized. However, if different physical layers
coexisted, they would mtertere with each other and disturb
communications. This technical problem would occur
between other communication standards besides IEEE

302.15.3a.

SUMMARY OF THE INVENTION

In view of the foregoing, 1t would be desirable to provide a
communication method that has (a) a despread process that
despreads a reception signal with a spreading code defined 1n
one communication system, (b) a decoding process that
decodes the reception signal that has been despread by a
despread section, (c) a first occupation detection process that
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2

correlatively detects an occupation state of a communication
band with a preamble code defined in the communication
system, and (d) a second occupation detection process that
correlatively detects an occupation state of a communication
band of a signal of another communication system, the signal
being expected to arrive as an interference wave, with a pre-
amble code defined in the another communication system.
The first occupation detection process detects that an occu-
pation of the communication band occupied by another sta-
tion that uses the same communication system as a local
station. On the other hand, the second occupation detection
process detects that an occupation of the communication
band occupied by another station that uses a different com-
munication system from the local station.

In the communication method according to an embodiment
of the present invention, even if two communication systems
that interfere with each other are used in the same space, at

least one of the communication systems can detect that the
occupation state of the communication band occupied by
another communication system.

Other principle features and advantages of the present
invention will become apparent to those skilled inthe art upon
review of the following drawing, the detailed description, and
the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention will become more fully understood from the
tollowing detailed description, taken in conjunction with the
accompanying drawing, wherein like reference numerals
denote like elements, 1n which:

FIG. 1 1s a schematic diagram showing a frequency allo-
cation of the MB-OFDM system:;

FIG. 2 1s a schematic diagram showing an example of
hopped frequencies 1n the MB-OFDM system:;

FIG. 3 1s an example of a frequency allocation of the DS-SS
system;

FIG. 41s an example of a frequency allocation of the DS-SS
system:

FIG. SA and FIG. 5B are schematic diagrams showing
frame formats of the DS-SS system and the MB-OFDM sys-
tem, respectively;

FIG. 6 1s a schematic diagram showing a principle of the
carrier sense system;

FIG. 7 1s a schematic diagram showing a principle of the
carrier sense system on the basis of a correlative reception;

FIG. 8 1s a block diagram showing the overall structure of
a communication apparatus;

FIG. 9 1s a block diagram showing a base band circuit
according to an embodiment of the present invention;

FIG. 10 1s a schematic diagram showing a correlation
detection circuit of the DS-SS system;

FIG. 11 1s a schematic diagram showing a correlation
detection circuit of the MB-OFDM system;

FIG. 12 15 a schematic diagram showing an example of an
operation of a radio communication system;

FIG. 13 1s a schematic diagram showing a relationship of
bands;

FIG. 14 1s a schematic diagram showing symbols that can
be correlatively detected;

FIG. 15 1s a block diagram showing a base band circuit
according to another embodiment of the present invention;

FIG. 16 1s a block diagram showing a base band circuit
according to another embodiment of the present invention;
and
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FIG. 17 1s a schematic diagram showing symbols that can
be detected by correlation detection.

DESCRIPTION OF THE EMBODIMENTS

Next, a communication apparatus that uses a communica-
tion method according to an embodiment of the present
invention will be described. Portions that are not 1llustrated
and/or described 1n this specification apply to known tech-
niques 1in the field of the present invention.

(1) Commumnication Systems

Next, as examples of the ultra wide band communication
systems, the DS-SS system and the MB-OFDM system will
be described. The DS-SS system 1s a communication system
of which one of a plurality of sub bands that has been divided
and allocated 1n a transmission band 1s used as a communi-
cation band.

(1-1) MB-OFDM System

FIG. 1 shows an example of a frequency allocation of the
MB-OFDM system. In FIG. 1, the whole band 1s divided into
13 sub bands. The whole band ranges from 3.1 GHz to 10.6
GHz except for 5 GHz sub bands. One sub band is allocated
a bandwidth of 528 MHz. In FIG. 1, the sub bands are desig-
nated by bands #1, #2, #3, . . ., and #13 in the order from the
lowest frequency to the highest frequency. The bands #1 to #3
are called group A; the bands #4 and #5 are called group B; the
bands #6 to 39 are called group C; and the bands #10 to #13
are called group D. In this communication system, one com-
munication session 1s accomplished with a plurality of sub
bands of one group. In other words, a communication 1s
performed by frequency hopping a plurahty of sub bands of
the same group. FI1G. 2 shows the frequency hopping used in
the MB-OFDM system. FIG. 2 shows an example of the
frequency hopping of the group A. In FIG. 2, the bands #1, #2,
and #3 are cyclically used. The first 24 symbols are used for
synchronization. The next six symbols are used for estimating
a channel. The next seven symbols are used for a header. The
other symbols are used for a payload.

(1-2) DS-SS System

FIG. 3 and FIG. 4 show examples of frequency allocations
of the DS-SS system. In this case, the whole band ranges from
3.1 GHz to 10.6 GHz except for a 5 GHz band. In this
example, the 5 GHz band ranges from 4.9 GHz to 5.85 GHz.
In this embodiment, a band lower than the 5 GHz band 1s
referred to as the lower band and a band higher than the 5 GHz
band 1s referred to as the upper band. FIG. 3 1s an example of
a Irequency allocation of which the whole band 1s divided into
three portions. In FIG. 3, the bandwidths of the three sub
bands are the same. Thus, by changing the center frequency of
one sub band, the current frequency channel can be changed
to another channel. FIG. 4 shows an example of a frequency
allocation of which the whole band 1s divided into two por-
tions. In FI1G. 4, the bandwidth of the upper band 1s twice as
large as that of the lower band. In other words, with the upper
band, data can be transmitted at higher speed than with the
lower band. In this frequency allocation, by doubling the
center frequency of the lower band and the clock frequency of
the enfire circuit, the current frequency channel can be
changed to another channel. In Japan, in the 5 GHz band,
frequencies from 4.9 GHz to 5.0 GHz and frequencies from

5.03 GHz to 5.06 GHz can be used.

(2) Correlation Carrier Sense

First of all, frame formats used 1n those communication
systems will be described. FIG. SA shows a radio frame
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4

format of the DS-SS system. FIG. 5B shows a radio frame
format of the MB-OFDM system. The frame formats of these
communication systems are basically the same. The frames of
these communication systems have a preamble portion 1 (11),
a physical layer header portion 3 (13), a MAC layer header
portion 5 (15), and a payload portion 7 (17), where reference
numerals 1 parentheses are for the MB-OFDM system.
These portions except for the preamble portion are modulated
on the basis of the communication systems. In other words,
the physical layer header portion, the MAC layer header
portion, and data of the payload portion of a communication
wave that 1s received need to be demodulated on the basis of
these communication systems. On the other hand, the pre-
amble portion that represents that a communication wave
starts 1s composed of a plurality of predetermined 1dentical
codes (preamble codes) In FIG. 5A, codes that are repeated 1n
the preamble portion 1 of the DS-SS system are code A. In
FIG. 5B, codes that are repeated 1n the preamble portion 1 of
the MB-OFDM system are code B. The code A 1s different
from the code B.

Since the signal level of the preamble portion of the recep-
tion signal of the ultra wide band communication system 1s
very small, the system 1s unable to use the carrier sense
system typically used. The carrier sense system typically used
1s a method that squares the reception signal and filters the
squared value to detect the signal. FIG. 6 shows an example of
a detecting operation of which the square type carrier sense
system 1s applied to the wide band communication system.
FIG. 6 shows that while a communication apparatus A 1s
transmitting a communication signal, a communication appa-
ratus B outputs a channel busy signal. In other words, the
preamble portion and the payload portion can obtain the
channel busy signal. However, in the ultra wide band com-
munication system, even 1f a reception signal 1s squared, a
suificient reception sensitivity 1s unable to be obtained. Thus,
in the ultra wide band communication system, the preamble
portion 1 1s detected by correlative reception. When the pre-
amble portion 1 1s detected by the correlative reception, since
a gain corresponding to the length of a code 1s obtained, a
carrier can be sensed.

FIG. 7 shows an example of a detecting operation of which
a correlation type carrier sense system 1s applied to the ultra
wide band communication system. FIG. 7 shows that the
communication apparatus B correlatively detects the pre-
amble portion 1 of the communication signal that the com-
munication apparatus A has transmitted. In other words,
although the communication apparatus B detects only the
preamble portion 1 at the beginning of the frame, the com-
munication apparatus B can expect that the channel of the
packet 1s busy. The correlation detection can be applied to
both the preamble portion 1 of the DS-SS system and the
preamble portion 11 of the MB-OFDM system. Thus, 1t 1s
conceivable that when predetermined communication condi-
tions are satisfied, the preamble portion can be correlatively
received regardless of the communication systems. There are
three communication conditions with respect to the correla-
tive detection: the center frequency of the communication
band, the pattern of the preamble portion (preamble codes),
and the symbol rate (symbol length).

(3) Communication Apparatus

Next, an example of a communication apparatus of the
DS-SS system will be described. It 1s preferred that the com-
munication apparatus according to the embodiment 1s a com-
munication apparatus of the MB-OFDM system that uses the
same communication band as the local station.
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(3-1) First Embodiment

(a) Overall Structure

FIG. 8 shows an example of the structure of a communi-
cation apparatus 21 of the DS-SS system. The communica-
tion apparatus 21 has a function that detects the preamble
portion of a signal of the MB-OFDM system. The communi-
cation apparatus 21 has a main body 23, an antenna 25, aband
pass filter 27, a switch 29, an RF circuit 31 (that has a recep-
tion circuit 31 A and a transmission circuit 31B), and a base
band circuit 33. Most of these circuits are known circuits. The
RF circuit 31 uses, for example, QPSK, BPSK, or /2 shiit
BPSK as a primary modulation method. In this case, 1t 1s
assumed that the chip rate 1s what the carrier frequency 1s
divided by any integer. The pass band of the band pass filter 27
1s set to erther of two communication bands and three com-
munication bands allocated for the DS-SS system. A charac-
teristic portion of this embodiment 1s a correlation detection
circuit 33B that correlatively detects a communication system
employed by another station (hereinatter 1t 1s called “another
system correlation detection circuit™). The another system 1s
the MB-OFDM system. The another system correlation
detection circuit 33B 1s disposed 1n the base band circuit 33.
A DS-SS system communication circuit 33 A 1s also disposed
in the base band circuit 33.

(b) Structure of Base Band Circuit

FIG. 9 shows the base band circuit 33 according to the
embodiment of the present invention. FIG. 9 shows a struc-
ture of which the center frequency (FIG. 3 and FIG. 4) of the
lower band of the DS-SS system 1s set to the center frequency
of the second lowest band, the band #2, of the MB-OFDM
system shown 1n FIG. 1. In other words, 1n FIG. 9, the center
frequency of the lower band 1s set to 3960 MHz. It 1s assumed
that the carrier frequency and the chip rate have a relationship
of an 1nteger ratio.

(b-1) Structure of Communication Circuit

First of all, the structure of the communication circuit 33A
will be described. The communication circuit 33 A has a con-
trol section 33A1, a correlation detection circuit 33A2 that
correlatively detects a communication system employed by
the local station (hereinafter 1t 1s called “local system corre-
lation detection circuit”), a frame synchronous circuit 33A3,
a propagation path estimation circuit 33 A4, a despread circuit
33AS5, a maximum ratio combining circuit 33A6, a decoder
33A7, an MAC/DLC circuit 33A8, an encoder 33A9, a sym-
bol mapper 33A10, and a spread circuit 33A11. The control
section 33 A1 controls a sequence of a communication signal
on time base. In addition, the control section 33A1 controls
the oscillation frequency of a local oscillator disposed 1n the
RF circuit 31. The control section 33A1 supplies a control
signal as a phase control signal to the RF circuit 31. The
control section 33A1 executes a calculation process neces-
sary to control the phase of the communication signal. A
signal necessary for the calculation 1s supplied from the maxi-
mum ratio combining circuit 33A6 to the control section
33A1. The local system correlation detection circuit 33A2 1s
a circuit that correlatively detects an occupation of a commu-
nication band occupied by another station that installs the
same DS-SS system as the local station does.

FIG. 10 shows a circuit structure of the local system cor-
relation detection circuit 33A2. The local system correlation
detection circuit 33 A2 has a pattern memory 41, a multiply-
ing device 43, and an integrating device 45. The pattern
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memory 41 stores the preamble code A unique to the DS-SS
system. The multiplying device 43 multiplies the reception
signal by the preamble code A. When the reception signal and
the preamble code A are highly correlated, the multiplied
result becomes a large value. The integrating device 45 1s a
circuit that cumulates the multiplied result. The frame syn-
chronous circuit 33 A3 1s a circuit that synchronizes a frame
alter detecting the preamble portion 1. The propagation path
estimation circuit 33 A4 1s a circuit that measures an impulse
response of the radio transmission path. The despread circuit
33AS 1s a circuit that despreads the reception signal after
synchronizing the frame and estimating transmission path.
The despread circuit 33AS despreads the header portion and
the payload portion. The maximum ratio combining circuit
33 A6 1s a circuit that combines the despread symbols and the
impulse response at the maximum ratio. The decoder 33A7
decodes the reception pattern that has been combined at the
maximum ratio to information. The MAC/DLC circuit 33A8
1s a circuit that controls an access to a band and a data link.
The detected result of the another system correlation detec-
tion circuit 33B 1s supplied to the MAC/DLC circuit 33A8.
When an occupation of the band of the communication wave
of the local station, which 1s expected to arrive as an interfer-
ence wave, occupied by a communication wave of the other
system has been detected, the MAC/DLC circuit 33A8 stops
the communication operation of the local station. The stop
period 1s at least one packet long. The encoder 33A9 i1s a
circuit that encodes information. The symbol mapper 33A10
1s a primary modulation circuit that converts encoded bits into
transmission symbols. The spread circuit 33 A11 1s a second-
ary modulation circuit that spreads transmission symbols to
an ultra wide band by the spread symbols.

(b-2) Structure of Another System Correlation Detection Cir-
cuit

Next, the structure of the another system correlation detec-
tion circuit 33B will be described. The another system corre-
lation detection circuit 33B has a rate converter 33B1 and a
correlation detection circuit 33B2. The rate converter 33B1 1s
a circuit that converts the symbol rate (symbol length) of the
DS-SS system 1nto a symbol rate of the MB-OFDM system.
Specifically, the rate converter 33B1 thins out sampling val-
ues. The rate converter 33B1 i1s used because the chip rate of
the DS-SS system 1s faster than the chip rate of the MB-
OFDM system and the preamble portion of a signal of the
MB-OFDM system 1s oversampled. FIG. 1, FIG. 3, and FIG.
4 show that the chip rate of the DS-SS system 1s different from
the chip rate of the MB-OFDM system. The bandwidth of the
lower band of the DS-SS system (FIG. 3 and FIG. 4) 1s much
larger than the bandwidth of each band of the MB-OFDM
system. This 1s because the chip rate of the DS-SS system 1s
larger than the chip rate of the MB-OFDM system and a
communication signal of the DS-SS system spreads to a
wider band than that of the MB-OFDM system. The correla-
tion detection circuit 33B2 1s a circuit that detects the pre-
amble portion 11 of a communication signal of the band #2 of

the MB-OFDM system.

FIG. 11 shows the circuit structure of the correlation detec-
tion circuit 33B2. The correlation detection circuit 33B2 has
a pattern memory 51, a multiplying device 53, and an 1nte-
grating device 35. The pattern memory 31 stores the preamble
code B unique to the MB-OFDM system. The preamble code
B is set corresponding to a predetermined communication
standard. The multiplying device 533 multiplies the reception
signal by the preamble code B. When the reception signal and
the preamble code B are highly correlated, the multiplied
result becomes large value. The integrating device 55 15 a
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circuit that cumulates the multiplied result. In this embodi-
ment, the calculated result of the integrating device 535 1s
supplied to the MAC/DLC circuit 33A8 as a communication
control section. When the integrated value exceeds a prede-
termined reference value, it means that a communication
wave of the MB-OFDM system (namely, an interference
wave) 1s occupying the communication band. On the other
hand, when the integrated value does not exceed the prede-
termined reference value, it means that a communication
wave of the MB-OFDM system (namely, an interference
wave) 1s not occupying the communication band.

(3) Example of Use

FI1G. 12 shows an example of the use of the radio commu-
nication systems. FIG. 12 shows the state that two commu-
nication systems 63 and 63 co-exist 1n a communication area
61. An area 1n which the communication systems 63 and 65
overlap 1s an 1interference area. The communication system 63
corresponds to the DS-SS communication system. In the
communication system 63, a communication apparatus 67a
and a commumnication apparatus 675 communicate with each
other using a lower band (having a center frequency of 3960
MHz). The communication system 65 corresponds to the
MB-OFDM communication system. In the communication
system 65, a communication apparatus 69a and a communi-
cation apparatus 696 communicate with each other using the
bands #1 to #3 that are frequency hopped.

FI1G. 13 shows the communication state of the communi-
cation systems shown in FIG. 12. As shown 1n FIG. 13, a
communication wave that the communication apparatus 6956
of the MB-OFDM system outputs to the band #2 occupies the
center of the band of the DS-S8 system. The another system
correlation detection circuit 33B disposed 1n the communi-
cation apparatus 670 of the DS-SS system correlatively
detects that the communication wave occupies the center of
the band. The occupation 1s correlatively detected by the
another system correlation detection circuit 33B. Only the
preamble portion 11 of the communication wave of the MB-
OFDM system that uses the band #2 1s correlatively detected,
the preamble portion 11 being surrounded by a solid line
shown 1n FIG. 14. The another system correlation detection
circuit 33B are unable to correlatively detect the other sym-
bols of the band #2. Likewise, the another system correlation
detection circuit 33B 15 unable to correlatively detect symbols
of a communication wave of the MB-OFDM system that uses
the other bands #1 and #3. Of course, a communication wave
of the MB-OFDM system that uses the bands #1 and #3 do not
interfere with a communication wave of the DS-SS system.
When the correlatively detected result represents that a com-
munication wave of the MB-OFDM system has arrived, the
communication apparatus 676 (MAC/DLC circuit 33A8)
controls to stop transmitting or receiving a communication
wave of the local station. At timing the another system cor-
relation detecting circuit 33B does not correlatively detect an
interference wave, the communication apparatus 675 restarts
transmitting or receiving the communication wave of the
local station. Thus, since the communication apparatus does
not need to unnecessarily perform the retransmission control,
the throughput of the communication apparatuses can be
improved. Of course, the local system correlation detection
circuit 33 A2 always momitors whether the other communica-
tion apparatus 67a of the DS-SS system 1s occupying the
communication band. When the local system correlation
detection circuit 33A2 has detected the occupation of the
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communication band, the local system correlation detection
circuit 33 A2 controls the local station to stop transmitting the
communication wave.

(d) Effects of the First Embodiment

Since the another system correlation detection circuit 1s
disposed 1n the communication apparatus of the DS-SS sys-
tem, the occupation state of a communication band occupied
by a communication signal of the MB-OFDM system can be
detected. In other words, it can be detected that a communi-
cation signal of the MB-OFDM system has arrived as an
interference wave. On the basis of the detected result, the
communication apparatus ol the DS-SS system can stop
transmitting or recerving the communication signal. Thus, the
influence of the interference can be minimized.

For example, the another system correlation detecting cir-
cuit can stop recerving a commumnication signal that has been
alfected by an interference wave. In this case, the retransmis-
s1on of the communication signal can be requested the timing,
at which 1t 1s not affected by the interference wave. In addi-
tion, the transmission process for a communication signal that
1s affected by an interference wave can be stopped. In this
case, when the communication signal 1s transmitted at timing
it 1s not atfected by the interference wave, the retransmission
process does not need to be unnecessarily performed. In other
words, when there are two communication systems that inter-
fere with each other 1n the same area, at least a communica-
tion apparatus of the DS-SS system can prevent a communi-
cation wave from nterfering with a communication wave of
a communication apparatus of the MB-OFDM system. As a
result, the throughput of the communication systems can be
improved.

(2-2) Second Embodiment

(a) Structure of Base Band Circuit

In the foregoing embodiment, 1t 1s assumed that the center
frequency of the lower band of the DS-SS system matches the
center frequency of the second lowest band, the band #2, of
the MB-OFDM. In contrast, 1n the second embodiment, 1t 1s
assumed that the center frequencies of those two bands do not
match. In this case, the deviation of the center frequencies of
the two bands 1s within the range that two communication
signals are interfered with each other. Next, only a portion of
the second embodiment that 1s different from the first embodi-
ment will be described. A characteristic portion of the second
embodiment 1s an another system correlation detection circuit
disposed 1n the base band circuit 33. In other words, the
structures of the RF circuit 31 and the communication circuit
33 A of the second embodiment are the same as those of the
first embodiment. FIG. 15 shows the circuit structure of the
base band circuit 33 including an another system correlation
detection circuit 33B'. The circuit structure of the base band
circuit 33 shown 1n FIG. 15 1s the same as that shown 1n FIG.
9 except for the another system correlation detection circuit
33B'. Here, only the circuit structure of the another system
correlation detection circuit 33B' will be described. The
another system correlation detection circuit 33B' 15 the same
as the another system correlation detection circuit 33B except
that the former has a frequency shift circuit 33B3 disposed on
an upstream stage of the rate converter 33B1. The frequency
shift circuit 33B3 1s a circuit that adjusts the deviation of the
center frequencies. An adjusted sampling value 1s input to the
rate converter 33B1. The circuit structures of the rate con-
verter 33B1 and the correlation detection circuit 33B2 are the
same.
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Since the frequency shitt circuit 1s disposed 1n the commu-
nication apparatus ol the DS-SS system, even 1f the center
frequency of the lower band of the DS-SS system does not
match the center frequency of the second lowest band, the
band #2, of the MB-OFDM system, it can be detected that a
communication wave of the MB-OFDM system 1s occupying
the communication band. As a result, since the influence of
the 1nterference of another communication system 15 mini-
mized, the throughput of the systems can be improved.

(2-3) Third Embodiment

(a) Structure of Base Band Circuit

Next, an extension example of the communication function
will be described as a third embodiment of the present inven-
tion. In this embodiment, a case where a header transmission/
reception function of the MB-OFDM system 1s disposed 1n a
communication apparatus ol the DS-SS system will be
described. With reference to FIG. 16, only portions of the
third embodiment that are different from the first embodiment
will be described. Characteristic portions of the third embodi-
ment are an another system header decode circuit 33C, an
another system header transmission circuit 33D, and a switch
33F. Thus, the structures of the RF circuit 31, the communi-
cation circuit 33 A, and the another system correlation detec-
tion circuit 33B of the third embodiment are the same as those
of the first embodiment. In other words, it 1s assumed that the
center Irequency of the lower band of the DS-SS system
matches the center frequency of the second lowest band, the

band #2, of the MB-OFDM system.

The another system header decode circuit 33C has a
demodulation circuit 33C1 and a header decoder 33C2. The

demodulation circuit 33C1 1s a circuit corresponding to the
modulation system of the MB-OFDM system. In the third
embodiment, the fast fourier transform (FFT) 1s used. The
header decoder 33C2 1s a circuit that decodes header infor-
mation from a recerved pattern that has been demodulated. Of
course, the header decoder 33C2 1s unable to decode infor-
mation of all the bands #1 to #3. However, the header decoder
33C2 can decode only header information of the band #2 of
which the center frequencies of those bands match.

On the other hand, the another system header transmission
circuit 33D has a header generation section 33D1, a modula-

tion circuit 33D2, and a preamble generation circuit 33D3.
The header generation section 33D1 1s a circuit that generates
headers of a communication signal of the MB-OFDM system.
The headers are the physical layer header section 13 and the
MAC layer header section 15. The modulation circuit 33D2 1s
a circuit corresponding to the modulation system, the MB-
OFDM system. In the third embodiment, an inverse fast fou-
rier transform (IFFT) circuit1s used. The preamble generation
circuit 33D3 1s a circuit that adds a preamble pattern to the
header.

The switch 33E 1s used to selectively output a signal that 1s
input from the encoder 33A9 and a signal that 1s mput from
the another system header transmission circuit 33D. When a
communication signal of the DS-SS system 1s transmitted, the
switch 33E 1s connected to the encoder 33A9. When a com-
munication signal of the MB-OFDM system (actually with a
fixed band (1in this example, the band #2)), the switch 33E 1s
connected to the preamble generation circuit 33D3 so that the
preamble portion 11 and the headers 13 and 13 are generated.
In FIG. 17, symbols that can be transmitted and received by
the foregoing circuit structure are shown by surrounding with
a solid line box. Thus, although a communication apparatus
of the DS-SS system can transmit and receive the preamble
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portion 11 and the headers 13 and 15 of a communication
signal of the MB-OFDM system.

(b) Effect of the Third Embodiment

As described above, when the another system header
decode circuit 33C 1s disposed 1n the communication appa-
ratus 21, the communication apparatus 21 can distinguish a
communication apparatus of the MB-OFDM system. In addi-
tion, when the another system header transmission circuit
33D 1s disposed in the communication apparatus 21, the
communication apparatus 21 of the DS-SS system can trans-
mit the preamble portion and the headers of a communication
signal of the MB-OFDM system. Thus, when communication
apparatuses of the MB-OFDM system and the DS-SS system
coexist 1n the same area, the former can be informed that the
latter exists. However, to allow a communication apparatus of
the MB-OFDM system to be informed of that, 1t 1s necessary

to have uniformalized the frame formats of the DS-SS system
and the MB-OFDM system.

(4) Other Embodiments

(a) In the foregoing description, the MB-OFDM system 1s a
communication system that frequency-hops a plurality of
bands to transmit a communication signal. However, even
when the frequency hopping i1s not used, each of the foregoing
embodiments are applicable. In other words, these embodi-
ments can be applied to the case where one band 1s fixedly
allocated to one communication session. In this case, all the
preamble portion 11 can be correlatively detected. In addi-
tion, all the header portions 13 and 15 can be transmitted and
received.

(b) In the foregoing description, the frequency shift circuit
33B3 1s disposed on the immediately upstream stage of the
rate converter 33B1. Alternatively, the frequency shiit circuit

33B3 may be disposed on a downstream stage of the rate
converter 33B1.

(¢) In the foregoing description, two standardization i1deas of
the IEEE 802.13.3 were exemplified as ultra wide band com-
munication systems. However, the conditions of all or each of
bands are not limited to those description.

(d) In the foregoing description, the communication appara-
tuses are based on the ultra wide band communication sys-
tem. However, the techniques of the foregoing embodiments
of the present invention can be applied to other communica-
tion systems 1n addition to the ultra wide band communica-
tion system.

(¢) In the foregoing description, the communication function
1s realized like hardware. Alternatively, the same function
may be realized by firmware or soitware. The programs of the
firmware or soltware are stored 1n an optical storage medium
(an optical disc, a phologram medium, or the like), a magnetic
recording medium (a hard disk or the like), or a semiconduc-
tor memory.

(1) The forgoing communication apparatuses iclude various
apparatuses depending on the type of the products. Examples
of the communication apparatuses are portable information
terminals (a portable computer, a mobile phone, a portable
game machine, an electronic book, and so forth), wireless
LAN devices (a wireless router, a cordless handset, and an
access point unit), a clock, a game machine, a computer, a
video camera, a digital camera, a scanner, a printing appara-
tus, a picture reproducing apparatus (for example, an optical
disc apparatus and a home server), a monitor, a television
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receiver, and a processing board and a processing card in
which functions of embodiments of the present invention are
installed. Any type of communication apparatuses has as a
common structure a casing, an antenna, and transmission and
reception circuits. Peripheral devices depending on the types
of the communication apparatuses are added to the common
structure. When the communication apparatus 1s a portable
information terminal, 1n addition to the common structure,
the apparatus has an operation and mnput section, a display
section, and another user interface. When the communication
apparatus 1s a video camera or a digital camera, 1n addition to
the common structure, the apparatus has a camera unit and a
write circuit that stores photographed picture data to a record-
ing medium.

(g) It should be understood by those skilled 1n the art that
various modifications, combinations, sub-combinations and
alternations may occur depending on design requirements
and other factors isofar as they are within the scope of the
appended claims or the equivalents thereof.

What is claimed 1s:

1. A communication apparatus, comprising;:

a despreading section configured to despread a reception
signal with a spreading code defined 1n one communi-
cation system:;

a decoding section configured to decode the reception sig-
nal despread by the despreading section;

a first occupation detection section configured to correla-
tively detect an occupation state of a communication
band using a preamble code defined 1n the one commu-
nication system; and

a second occupation detection section configured to cor-
relatively detect an occupation state of a communication
band of a signal of another communication system hav-
ing a chip rate different from that of the one communi-
cation system by converting an over-sampled signal of
the another communication system into a symbol rate
corresponding to the one communication system and
using a preamble code defined in the another communi-
cation system.

2. The communication apparatus according to claim 1,

turther comprising:

a communication control section configured to stop com-
munication of the local station 11 the occupation state of
the communication band occupied by the another com-
munication system is detected by the second occupation
detection section.

3. The communication apparatus according to claim 1,

wherein the second occupation detection section com-
Prises:

a spread symbol storing section configured to store a pre-
amble code defined 1n the another communication sys-
tem; and

a correlative calculation section configured to correlatively
detect the occupation state of the commumnication band
occupied by the signal of the another communication
system.

4. The communication apparatus according to claim 3,

turther comprising;:

a frequency shifting section configured to match a center
frequency of an interference wave with a center ire-
quency of a local station.

5. The communication apparatus according to claim 1,

wherein the one communication system 1s a direct spread
spectrum spread system that uses one communication
band selected from a plurality of usable communication
bands; and
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the another communication system 1s an orthogonal fre-
quency division multiplex system.

6. The communication apparatus according to claim 1,

wherein the second occupation detection section com-
Prises:

a header information demodulation section configured to
demodulate header information of a communication sig-
nal of the another communication system;

a preamble generating section configured to generate a
preamble portion of a communication signal of the
another communication system; and

a header information generating section configured to gen-
erate header information of a communication signal of
the another communication system.

7. A communication method, comprising:

despreading a reception signal with a spreading code
defined 1n one communication system;

decoding the reception signal despread by the despreading
process; and

correlatively detecting an occupation state of a communi-
cation band using a preamble code defined in the one
communication system; and

correlatively detecting an occupation state of a communi-
cation band of a signal of another communication sys-
tem having a chip rate different from that of the one
communication system by converting an over-sampled
signal of the another communication system into a sym-
bol rate corresponding to the one communication system
and using a preamble code defined 1n the another com-
munication system.

8. The communication method according to claim 7, fur-

ther comprising:

stopping communication of a local station 1f the occupation
state of the commumcation band occupied by the
another communication system 1s detected.

9. The communication method according to claim 7, fur-

ther comprising:

storing a preamble code defined in the another communi-
cation system; and

correlatively detecting the occupation state of the commu-
nication band occupied by the signal of the another
communication system using the preamble code.

10. The communication method according to claim 7,

wherein the one communication system 1s a direct spread
spectrum spread system that uses one communication
band selected from a plurality of usable communication
bands; and

the another communication system 1s an orthogonal fre-
quency division multiplex system.

11. The communication method according to claim 7, fur-

ther comprising:

demodulating header information of a communication sig-
nal of the another communication system;

generating a preamble portion of a communication signal
of the another communication system; and

generating header information of a communication signal
of the another communication system.

12. A program stored 1n a non-transitory computer readable
medium to be executed by a computer mounted on a commu-
nication apparatus, comprising:

despreading a reception signal with a spreading code
defined 1n one communication system;

decoding the reception signal despread by the despreading,
process;

correlatively detecting an occupation state of a communi-
cation band using a preamble code defined in the one
communication system; and
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correlatively detecting an occupation state of a communi- wherein the one communication system 1s a direct spread
cation band of a signal of another communication sys- spectrum spread system that uses one communication
tem having a chip rate different from that of the one band selected from a plurality of usable commumnication
communication system by converting an over-sampled bands, and
signal of the another communication system intoasym- 5 the another communication system is an orthogonal fre-
bol rate corresponding to the one communication system quency division multiplex system.

and using a preamble code defined 1n the another com-
munication system.

13. The program stored 1n a non-transitory computer read-
able medium according to claim 12, further comprising: 10
storing a preamble code defined 1n the another communi-

cation system; and

correlatively detecting the occupation state of the commu- | _ _ S
nication band occupied by the signal of the another generating header information of a communication signal

communication system using the preamble code. 15 of the another communication system.
14. The program stored 1n a non-transitory computer read-

able medium according to claim 12, £k k% ok

15. The program stored 1n a non-transitory computer read-
able medium according to claim 12, further comprising:

demodulating header information of a communication sig-
nal of the another communication system;

generating a preamble portion of a communication signal
of the another communication system; and
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